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1.

OGRES ROJECT ACTIVITY WITH GARD
COMPUTER COLOUR MATCHING AT BTRA

1.1

1.2

Computer Colour Matching Program

A computer colour matching program has been created
based on the type of spectrophctometric match using
the least square approach. The objective of this
method is to minimise the spectral reflectance
differences between the standard colour and the
match prepared by a suitable combination of dyes. A
correction program his also been created to correct
for any difference in colour between the standard
and the match. A correction matrix based on
perturbing the tristimulus values with respect to
dye concentrations is being wused. All the programs

were written in BASICA language.

as a

a) Disperse Dves

About 50 disperse dyes from various dyestuff
suppliers including Sandoz, Hoechst, Jaysynth
Dye Chem., and Indian Dyestuff Industry were
used for this detabase. The dyes were applied

to texturised polyester fabric by means of a




high temperature (130°C) beakers dyeing machine
at 6 concentration levels up to 3% depth using a

uniform dyeing method for all dyes.
b) Reactive Dyes

About 16 cold type reactive dyes (Procion M)
from ICI were used for this database. The dyes
were applied to cotton poplin woven fabric using

a jigger by exhaustion dyeing.
¢) Vat Dyes

About 17 vat dyes from the Indian Dyestuff
Industry were used for this database. The dyes
were applied to the cotton poplin woven fabric

using a pad (pigment) jig (reduction) method.

These calibration dyeings were measured for spectral
reflectance data using the Match Scan 1II
spectrophotometer from 400 to 700 nm at 20 nm
intervals. The measured data were being keyed into
the computer colour matching program in the second
stage. This information together with the
corresponding spectral data for the standard allowed
the program to predict recipes from various
combination of the dyes in the database that may

match the standard colour with varying quality.




1.4

All the dyes in the database were subjected to

fastness evaluation with respect to washing and
light fastness. For disperse dyes, sublimation
fastness testing was also carried out. All the
fastness testing results were found to be similar to

that quoted by the dyestuff suppliers.

Compound Shades

Compound shades prepared from 2 dyes and 3 dyes

combinations were used to test the accuracy of the

colour matching software.




2.

WORK PERFORMED AT BTRA

2.2

Lecture Series

An intensive integrated lecture series was
conducted to members of the project team as well as
scientists from other section of the BTRA. The

following is the module topics.

a) Introduction to Colour.

b) CIE System of Colour Specifications.

c) Uniform Colour Space and Colour Difference
Evaluation.

d) Colour Measuring Instrumentations.

e) Basic Principle behind CCM.

f) Algorithms for CCM.

g) Practical Implementation of CCM.

h) Precautions & Limitations of CCM.

i) cCM with Fibre Blends.

Group Discussions

Special topics of interest on various aspects of
colour measurement and CCM were discussed with
members of the project team, other members of BTRA
as well as invited experts from the research

institutes and the industry.




2.3

Demonstration and Practical Implementatjon.

Problems of CCM with fibre blends were demonstrated
with  specially prepared samples. Merits and
dis-merits of alternative methods for CCM with fibre
blends were intercompared. The Chong's method was
presented in details with regard to both the
principle and the practical implementation. Please
refer to Appendix I for further details with regard
to CCM with fibre blends. The project team had
carried out the skeleton data base preparation under
the expert's supervision. Demonstration on the
identification of fluorescent samples as well as the
evaluation of its true reflectance were carried out
on the Match Scan spectrophotometer. In addition, a
computer aided design software was also demonstrated
to show 1its potential value in printed fabric

design.

Public Lectures

Two public lectures were arranged by BTRA. They
were "Measurement and Control of Colour for the
Textile Industry"” for members of the Textile
Association and "Colour Measurement and Computer

Colour Matching"” for members of BTRA. An additional
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public lecture on “Advances in the Practical

Applications of Colour Measuring System for the

Textile Industries™ was arranged by the Colour Group

of India and the Association of Chemical Technology.

Technical Vijisits

To provide a better understanding of the local

textile

technical visits to the following places.

a)

b)
c)
d)

e)

industries, BTRA earranged a series of

Department of Chemical Technology, University of

Bombay.

Wool Research Assocation.

Jay Group of Co.

The Hindoostan Spg. & Wvg. Mills Ltd.

The Standard Mills Co. Ltd.

Lecture and consultation was also given at

the visits.

some of
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3.1 _Recommendations on Evaluation of Calibration Data

Bank

3.1.1

Coloration Process

It is advised to evaluate the repeatability

of the individual dyeing process prior to any

major production of calibration dyeing.

The repeatability of the dyeing process can

be affected by the following factors.

a) Preparation of the process ingradients

(1)

(ii)

(iii)

Variation in water Jguality such as

hardness.
Variation in colorants and
auxiliaries standardisation,

moisture content, weighing and

dispensing method.

Variation in substrate
pretreatment, moisture content,

weighing and dyeability.




b)

c)

Coloration Process

(i) Variatica in process conditions
such as L.R., pick up condition;
pH, exhaustion dyeing curve, or

fixation conditions.

(i1) variation in aftertreatment such
as washing off and drying

conditions.

Machine

Variation in machine conditions such as
variation in material running speed and
flow and reversal of the coloration

solution.

The repeatability of the dyeing process
can be evaluated by repeat dyeing of both
single shade and compcund shade on a
short term (e.g. weekly) basis and a
long term (e.g. monthly) basis. The
average of the colour differences
measured between each repeat dyeing and
the first dyeing gives a quantitative
indication of the short term and the long
term repeatability of the dyeing process.

The result provides indication of the
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degree of confidence in preparing
additional calibration dyeings with data
that can substitute the earlier
calibration dyeings which are only
partially successful. The result also
provides indication of the degree of
confidence in the improvement in
correction dyeing as well as for setting
pass/fail tolerance. This work should
also be extended to evaluate the
correlation betw.en the calibration
database and that of the practical

situation.

Cclour Measurement Process

It is advised to evaluate the accuracy and

precision of the Match Scan 11

spectrophotometer prior to the measurement of

the calibration dyeings.

a)

Accuracy

(1) Photometric Accuracy

This can be evaluated by setting

the Match Scan II in the

transmission mode and measure the




spectral transmittance of standard
filters (e.g. neutral density
filters and amber filter) and
comparing the results with the

corresponding calibrated values.

(ii) Wavelength Accuracy

This can be evaluated by setting
the Match Scan II in the
transmission mode and identify the
wavelengths of peak absorption of
standard filters (e.g. didymium

filter and holmium filter).

b) Precision

Here, we are interested in the short term
as well as the long term repeatability of
the Match Scan 1I spectrophotometer. The
precision performance of the Match Scan
II can be evaluated by repeat colour
measurement of a set of stable colour
standards such as the BCRA colour tiles
on a short term and long term basis. The
average colour difference measured
between each repeat measurement and the
first measurement provide a quantitative

indication of the Match Scan II precision




performance. For accurate computer

colour matching, it 1is necessary to
maintain the spectrophotometer precision
throughout the period of the
spectrophotometric measurements of the
calibration dyeings, the standards, the
laboratory corrections, the production

trials and the final production.

If in the future, BTRA wish to
communicate with their clients'
spectrophotometric measurements.
Evaluation of the reproducibility
performance among both the BTRA's and the
clients' spectrophotometers should be

carried out in a similar manner.

BTRA may also wish to participate an
international programme in the precision
evaluation of colour measuring instrument
organised by the MCCA in U.S.A. on a
routine basis. In this programme, all
participating members - will receive
identical stable colour material and the
measurement results will be intercompared
by the MCCA body and a report will be
issued to each member. When BTRA having
gained such experience, BTRA may wish to

organise similar activity for its members
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within India at a much lower cost.

Accuracy of Calibration Dyeings

Good calibration dyeings information is a
pre-requisite for accurate computer colour
matching. In these calibration dyeings, one
should include the highest concentration
being practically used; select finer steps in
the region of high concentration due to the
non-linearity (K/S vs C) normally encountered
in this region and the blank dyeing should
also be carried out to determine the K/S
values for the substrate. It is found that
the highest concentration used by BTRA is
normally 3% depth and the concentration
increment steps are the same for all dyeings.
It is recommended that BTRA  should
investigate whether they should vary this
conditions with reference to the criteria

given above.

The accuracy of tua.. calibration dyeings can

be evaluated by the following means.

a) Visual inspection
b) Inspection of spectral curves
c) Inspection of K/S Conc. plots

d) Self-prediction using other calibration




points

e) Control dyeings

BTRA has evaluated the fastness properties
(washing, 1light and sublimation) of their
selected dyes for calibration dyeings. BTRA
should also evaluate whether the dyes are
fluorescent or thermochromic. If the dye is
fluorescent, it is a wusual practice to avoid
any fluorescent dye in the recipe unless it
is absolutely necessary. This is because the
Kubelka-Munk theory behind the computer
colour matching does not account for any
fluorescent emission. Further, the
instrument set up conditions strongly affect
the measurement result. The Match Scan II
spectrophotometer is equipped with a tungsten
hologen lamp which creat a lot of heat when
illuminated into the sphere containing the
colour sample. Those thermochromic samples
may change their colours on exposure to heat
durirqg colour measurement and hence wrong

data are being recorded.

3.2 Recommendations on the Match Prediction Prodram

3.2.1 Data Base Program




BTRA has written a program in BASICA to

process the measured calibration dyeing data.

The following points would be wuseful to

improve its efficiency.

a)

b)

c)

Colour Gamut Plot

For a given dye class, it would be
convenient for the users to make dye
selection if a L#*, a*, b* plots is
created for all the individual dyes

around the standard.

K/S vs C Plot

The present K/S vs C plot is highly
compressed. For more convenient
inspection, the scale should be adjusted
accordingly such as in the form of Log
K/S vs Log C. This will also allow the
lower concentrations to be inspected
easily. With this plot, the deviation of
the individual points from the 1linear
regression fit can also be served as a
diagnostic tool to assess the accuracy of

the calibration dyeings.

Spectral K/S Plot




d)

e)

A program should be created to show the

spectral K/S plot which is another useful

diagnostic tool.

Database Classification

Since BTRA is going to provide central
service for the local industries., the
database will eventually grow to a very
large population. Program should
therefore be developed to classify the
database according to

substrate/process/dye class/user.

Data Base Editing

Program should be available to edit the

database including the colorant price

information.

3.2.2 Match Prediction Program

a)

Basic Method

There are two important methods for
computer <colour matching i.e. the
spectrophotometric match based on the
least square approach and the tristimulus

match based on vector addition with




b)

derivative weighting. For the commercial

system for formulation, it is more common
to use the method based on tristimulus
match since the computation time is less
and the wmatching principle corresponds
closely to the practical situation where
metameric matches are pre-dominant. This
method may also be extended to yield
matches of low metamerism by adding extra
colorants to match the tristimulus values
under another source. On the other hand,
spectrophotometric match aims to minimise
the spectral reflectance differences
between the standard colour and the match
without paying attention to the colour
matching conditions such as lighting and
the visual aspect as is being done in the
tristimulus match method. It is
recommended that BTRA should compare the
performance of the present adopted method
based on spectrophotometric match with

that based on tristimulus match.

First Approximation

In the first approximation of the
prediction for the recipe concentrations,
BTRA uses the 1% depth of the database as

the starting concentration to determine
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the specific K/S values. It is advised
that BTRA should compare the results with
the method Dbased on the  middle

concentration of the calibration series.

c) K/S Data For Match Prediction

In BTRA's program, the mean specific K/S
values of the calibration dyeings is
being used for all subsequent recipe
prediction calculation after the first
approximation. It is recommended that
BTRA should replace this method by a
non-linear interpolation technique to
relate the K/S quantities with dye
concentrations for each set of

calibration dyeings for better accuracy.

Correction Program

BTRA uses the correction method based on a
correction matrix obtained by perturbing the
tristimulus values by small changes in the
individual dye concentration. The correction
accuracy of this method can be improved by
incorporating correction factors derived from
recipe of the (first match and recipe
predicted for the first dyeing. This method
was detailed in the lectures given to BTRA.
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3.2.4 Others

a)

b)

Programming Language

BTRA's program is wirtten with IBM BASICA
which is a BASIC interpreter. The
program execution speed can be further
improved by a more versatile language

such as a compilable BASIC language.

Spectrophotometer Interfacing

At the present moment, BTRA's program is
a standalone program that the spectral
information measured from the
spectrophotometer has to be keyed into
the separate personal computer in order
to execute the match prediction program.
This will not only slow down the match
prediction process but also creat
unnecessary data input error. It is
absolutely necessary that‘the ‘Match Scan
11! spectrophotometer Dbe interfaced
directly to the personal computer so that
the program can be used to control the
operation of the spectrophotometer as
well as to access the measured

information. In this aspect, both the
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interfacing software and hardware have to

be sought from Milton Roy Ltd.

Program Format

At the final stage of the program
development, the program format, which is
at present command driven, should
preferably be modified to a more user
friendly format such as the menu driven
type with varijous graphic presentations.
Please refer to Appendix II for
information on recent innovations of CCM

system.

3.3 _Recommendations on CCM central service

implementation precautions

3.3.1 Variation in the Coloration Process

Materials and Conditions.

Any variations in the coloration process
materials and conditions between the
primary calibration dyeings and the
production dygings will 1lower the
accuracy of the match  prediction.
Common variables include the substrate
dyeability, dye strength, water quality,

auxiliaries, processing conditions and




dyeing machineries. It has been found

that minor variations could in general
be corrected by means of the correction
factors during the correction procedure.
In the case of major variations, a new
primary calibration dyeings has to be
created for the new conditions for
successful implementation of CCHM.
Examples are un-mercerized cotton versus
mercerized cotton, filament polyester
versus spun stapled polyester,
exhaustion process versus continuous

process.

Selection of Dye Recipe

A major advantage of CCM is the
availability of large alternative
recipes for matching the standard
colour. For best prediction
performance, one should avoid selecting
recipes with dyes having properties
deviating from the Kubelka-Munk theory.
Examples are highly interactive
incompatible dyes, fluorescent dyes, and
thermochromic dyes. For best dyeing
repeatability, one ghould select recipe
with the primary colorants located ~'~se

to the standard colour in the colour




space. On the other hand, consideration

should also be given to factors 1like

price, fastness, and dyeing performance.

Repeatability of Coloration Process

Through a number of consultation
meetings with the local textile
processing factories arranged by BTRA, a
major problem encountered is the poor
repeatability of the coloration process
due to the poor conditions of the dyeing
machineries as well as the lack of
precaution measures to control the
coloration process. Poor repeatability
implies practical deviations from the
conditions used to creat the primary
data base and hence lower the accuracy
in match prediction. Remember the
famous computer term 'GIGO'. Garbage
information being fed to the computer
system will eventually generate garbage

ouput,

It iz therefore absolutely necessary to
educate the 1local textile processing
factories with regard to the
significance of the repeatability of the

coloration process for successful CCM




3.3.4

application. In this aspect, the

followng actions are recomm:.nded.

a)

b)

Demonstration

It would be worthwhile to carry out
a project to show the local
factories the effect of the
coloration repeatability in
calibration coloration, laboratory
coloration and production coloration
under controlled conditions and less
controlled conditions, on the other

hand, on the accuracy of CCM.

Model Factory

Select a local model processing
factory with good process control
performance for a specific
coloration process and provide the
necessary BTRA cCcM service.
Demonstrate the performance of the
match prediction obtained alongside
with the various unique advantages

of the CCM system.

Data Security




Providing a central CCM service to
members of the BTRA also means a large
collection of various proprietary
information range from the colorant
prices to the details of the coloration
process. Any leakage of such vital
information to the third party will lead
t0 serious consequence. BTRA should
therefore pay specical attention to
assure perfect dGata security during the

implementation of central CCM service.

Seminars

Once the preparation work for the
provision of central CCM service is
ready, seminars on the following topics
should be held for all BTRA members to
familiarise them with details about the
background and the operational aspects

of CCM service.

a) Brief discussion - on the
principle of CCM.
b) Benefits of CCM.
c) Implementation of CCM.
d) Precautions and limitations of
CCM.

e) Operation of BTRA's central CCM
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service.

Seminars should be provided to both the
management as well as the application
engineers. However, more emphasis on
the benefits and the limitations of CCM

should be given to the management.



4.

- 29 -

FUTURE PROSPECTS

When the BTRA's central CCM service approaches maturity,

BTRA may consider the following activities to strengthen

its technical position and service to members of BTRA.

4.1

Workshop Training

A regular workshop training course on 'CCM for the
Textile Industry: Theory & Practice:bgg,Eoffered to
the Indian textile industry. This course should be
designed to introduce the basic principle of colour
measurement technology and shows how to apply them
in the colorant formulation with textile substrate.
Attendees will get hands on experience with the
colour and appearance measuring equipments as well
as the practical implementation of CCM. A typical

course should consist the following modules.

a) Introduction on colour.

b) Colour order system.

c) Colour difference calculations.

d) Colour measuring instrumentations and
procedures.

e) Principle of CCM.

f) Practical procedure of CCM.

g) Limitations of CCM.

h) Selection of C™i systems.
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i) Laboratory practice.

4.2 Monjtori ent fo olour Measurin ns mentatjion

There are at present about 50 CCM or standalone

colour measuring systems in India. There are at
present no organisation in India acts as a central
body to monitor the reproducibility and accuracy of
these colour measuring systems. BTRA may consider
this role as a service to the 1India textile

industry.

4.3 Inteqration of Textile Design System and CCM System

Various ways of different accuracy has been devised

to communicate colour. These includes the use of
general colour names, the use of colour order
systems with a systematic collections of colour
standards sampling the colour space and the use of
CIE system. Of these methods, there is no doubt
that the CIE system provides the highest accuracy.
One drawback of the CIE colour specification system
is the abscence of the real physical colour
accompanying the numeric specifications. Otherwise,
it would be useful as a colour development tool by
designers for styling application for example. Such

drawback has been, to some extent, overcome by the




development of the coomputer aided design system to
include the capability of colour synthesis and CIE
colour specification for communication. Though such
development is still in the preliminary stage yet
the application value is tremendous as such system
can be integrated to a CCM system for match
prediction of selected colour design as well as for
distant colour communication. Since the current
BTRA project will eventually install a computer
aided textile design system and a CCM sytem, further
research in such integrated direction is worth

pursuing.
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NCL (8)

A very active programme has been conducted during the one
month expert mission to BTRA, India. The programme
includes the progress review of the project team; an

integrated lecture series on colour measurement and CCM;
laboratory demonstrations; detail group discussions on
the problems and solutions of basic colorimetry and CCM
implementations as well as CCM program algorithm
improvement. The programme is also participated by other
members of the BTRA as well as invited experts. Special
topic on both the theoretical and practical
implementation of <¢cCM with fibre blends is alsc
rigorously treated. Both parties have agreed that the

present UNIDO expert mission is a very fruitful mission.
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fibre blends

By T.F. Chong

Computer Colour Matching has proved less accurste with blends than on
single-component fibres. The problems are here examined, ssveral methods discussed
snd s method proposed — paper presentad to the recent Textile Institute

Conference on Computers in the World of Textiles

Although the basic method of colour measurement was
established more than half a century ago, only during the
last 15 years has the application of colour measyrement
become particularly substantial and significant, thanks to
the advance of computer technology and the revolution
in equipment design. This has converted colour science
fiom 8 scientific exercise in the research labonatory to 3
widely used commercial and industrial tool.

Among the applications of colour measurement, the
use of computer colour matching (CCM) has played s very
important role. In textiles and other fields the main objec-
tive of CCM is the calculation of colorant concentrations
necessary for matching. Because of the speed and svail-
sbility of the multiple choices of the predicted recipes,
CCM can provide optimum and economic recipes, and is
therefore more attractive than the traditional spproach,
based on trial and ervor.

Application of the OCM technique has been quite
successful on singlecomponent fibres. The basis of CCM
for textiles relies on the vse of Kubelk-Munk theory. The
author has demonstrated this technique under controlled
and Jess controlled conditions. A typical step by step
spproach of CCM is illustrated hy the flowchart in Fig. 1.
As time goes by, the textile market for single fibre sub-
strate is gradually being replaced by substrates of fibre
blends for the purpose of unique physical properties or
for economic seasons. For example, we can improve handie,
strength or lustre by blending the fibre concemed with
other types of fibre. Normally, in the case of the colora-
tion of fibre blends, the indinidual type of fibre has to be
dyed with differential classes of dyes. This presents some
problems to the CCM technique.
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Fig 1. Flowchert for computer colour merching
PROBLEMS OF CCM WITH FIBRE BLENDS

To produce a solid shade on 2 fibre blend, the individual
components of the blend should be dyed to the same
colour. The job of OCM is therefore to predict dye recipes
separately for each fibre component, and the resulting
colours of the dyed fibre components will match the
sandard colour. The accurscy of such OCM may suffer
10 2 large extent however from certain possible soutces of
errors, besides the limitations experienced with single
component fibre CCM.

® Varation in dycing conditions: This is the difference
in the dyeing conditions during the primary calibration
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of single component fibres and during the dyeing
blead, such as changes in liquor to goods ratio,
the effect of blocking by the other fibre compon-
investigate this effect, two almost ideatical dyeings

i%2
?lg?

e

of ssbstrates wsing the same reactive dyes
camied out. The two dycings differ oaly in that (2)ia
first 3 polyestercotion blend (65:35) knitted fabric

knitted fabric and 8 pure cottom knitted fabeic. Here also
the natio of the polyester to the cotton fabric weight was
65:35.

The aw fibres wied in mansfocturing the fabrics in (v)

aad (b) are e same, a3 are the spinming and kuitting [~

process. To messure the colowr of the cotton part of the
blead in (2), the polyester part was removed by a standard
bum-cut method with a solution of Potassiom Hydroxide

in Ethanol. Fig. 2 show the difference in the spectral R

reflectance factors for the dyed cotton parts in both

® Crossstainings: Normally the dye class wyed for the
t cormpoments of the blend is different for optimum

different
fastness and physical properties. As a result, cross-staining
the

same recipes and process coaditions) on the cotton part i
two forms

wied, and (b) in the second dyeing a pure polyester |-
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Fig. 4 shows a similar situation, except that the staining
is on the 3.8_!:%.'!3&!& o!igaw?

mugﬁogaggﬂgnﬁ
polyester knitt: 3 mi
before -out treatment.
Fig. 6 shows similar information for case of

8-1..-%%?«.

?ggriéw&nnggﬂ

by no means reliabie). The final recipes will be adjusted
1o the blend ratio

Egﬂ_gﬂsgﬁagn.o&&.? _

drawbacks are that all the previcusly mentioned errors may
exist. Furthermore the substrates used to create the
primary calibration dyeings may not be the same as those
of the components present in the blends, which lesds to
further problems. The accuracy of this method may be
’i:gai&_@lg-vggg
other component of the blend. However the selection of
ﬂavar..!-__wg&ce&w t factors such s

L4 x&-& N.avggs.:.%g
of the staining information. Basic informstion sbout the
dyeing and staining behsviour of the individual dye is
created. Then recipes are predicted for each fibre separate-
ly. These secipes and the primary staining information are
then used to calculate
recipes are corrected for the contribution of the stainings.
However the details of this method, which tries to corvect
the esror due 10 crossstaining, were not published.

® Method 3: Matched pairs of two classes of dyes ase

of the Reactive dyes for dyeing the cotton, Then recipes
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the stain on the fibres. Finally the 3

POLYESTER DYED ¥ITH
TER YILL 260 1.9
TER 3R PED 4C 0.026x
TER N-BLUE BEL O.832%

_ 00 EFORL DURN OUT
AMFIER DURN BUT

- o et o

WAVELEHGTH (NM)
400 440 A. W—NO OM. Omo Oa.. O.-.u...

WAVELEMGTH (NM)

ol

Fig. 6. Effect of bum out trestment on the colowr of dyed cotton
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are predicted for the individual component of the blend
separately based on Method 1. The choice of recipes is
limited to the extent that the two recipes for both com-
ponents of the blend should contain the comesponding
“matched pair™ of the dyes.

A similar method is based on the use of pre-mixed dyes.
The dye manufacturer supplics physically mixed dyes of
two classes, and when applied to a certain fibre blend
with a certain blend ratio they will dye both components
to the same colout.

This method still has the possible errors mentioned
undet “Problems of COM,” though the crossstaining may
be corrected more easily during the correction stage.
Furthermore the choice of recipss, which is an important
attractive feature of OCM, is very limited. On the other
hand the use of premixed dyes may reduce the emror due
to differences in the dyeing conditions, since the calibration
dyeings can be developed directly onto the fibre-blend. Yet
the use of this method has other similar problems, and is
limited to 2 specific application process and blend ratio.
Hence Method 3 will not be tested against other methods.

PROPOSED METHOD FOR C'M WITH FIBRE
BLEND

In this method the calibration dyeings are created
directly onto the blend with one dye class, and then this
process is repeated for the other dye class. The undyed
component of the blend is removed by 2n appropriate
separstion process; they are then used as the comected
primary calibration dyeings. Then recipes are predicted
separately for the individ:1al component of the fibre-blend,
using the corresponding corrected primary calibration
dyeings. The recipes predicted by this data bank are used
to obtain the stained samples of each fibre component.
Finally recipes for each fibre component are adjusted for
this staining effect.

This method tries to minimise the errors due to variation
in dycing conditions (e.g. blocking effect) and the cross-
staining effect. Furthermore the pure fibres of the indivi-
dual component of the fibre blend, which is not always
awailable, are not required for the preparation of the cali-
bration dyeings.

The prepasation of the dats bank to evaluate the
sccuracy of Method 1 and the Proposed Method entailed:

o Prepanation of textile substrates: Pure polyester fibres
and pure cotton fibres were spun into polyester yam and
cotton yam respectively. The same polyester and cotton
fibres were also mixed in the ratio of 65:35 and spun into
s blended yam. The three kinds of yam (30s each) were

individually knitted into plain fabrics. They were then
properly pretreated.

™ Calibmm dyeings — Disperse dyes: Three Terasil

disperse dyes were used to prepare the calibration dyeings.
These include Ter. Yellow 2GL, Ter. Br. Red 4G and Ter.
Navy Blue BGL. Calibration dyeings were carried out for
these dyes at suitable concentration levels using the Linitest
Labontory dyeing machine. The liquor to goods ratio was
12:1. All the chemical auxiliaries employed were jaboratory-
made. The dycings were carried out for both the pure
polyester and the blended fabric, the method being shown
inFig. 7.

O'Cllibmion Dyeings — Reactive dyes: Four Drimarene
Reactive dyes were used to prepare the calibration dyeings.
These include Drimasene Rubinole X-3LR, Drimarene
Dischargs Orange X-3LG, Drimarene Blue X-3LR and
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Fig. 7. Dyeing method for disperss dye on polyester
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Fig. 8. Dyeing method for reactive dye on cotton

Drimasene N-Blue X-RBL. The preparatory work is similar
to tlutsof the Disperse dyes. The dyeing method is shown
inFig. 8.

® Skeleton calibration dyeings: The calibration dyeings
carried out on the polyestercotion blend were subjected
to s fibreseparation process to remove the undyed com-
ponent of the blend. Sulphuric acid (70%) was used to
bum out the cotton component, while a solution of
Potassium Hydsoxide in Ethanol was used to bum out the

polyester component.
COLOUR MEASUREMENTS

The Zeigg RFC3 spectrophotometer was used for the
measusement of the spectral reflectance factors at 20 mm
intervals in the range 400 to 700 mm. It is calibrated with
the Merck Barium geometry. The specular component was
included. Each sample was measured several times at differ-
ent areas and directions and at complete opacity.

Figs. 9, 10 and 11 show typical calibration dyeing
curves for the Disperse dye (Ter. Br. Red 4G) being apphed
on to the polyester, the blend and the dyed skeleton respec-
tively. Similar information is given in Figs. 12, 13 and 14
for the Reactive dye (Dri. Discharge Orange X-3LG).
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COLOUR STANDARDS FOR MATCHING

Four colour standards (A-D) were prepared; their
spectral reflectance factor curves are given in Fig. 15.

Based on the Kubelka-Munk (single constant) theory
and the established calibration dyeings data bank, formula-
tions for both components of the polyester<cotton blends
were created according to Method 1 and the Proposed
Method to match the four colour standards. Dyeings were
carried out onto the blends with a normal two-bath two-
step process using the same dyeing conditions as of the
calibration dyeings. Finally, colour differences (AE*ab)
were measured between the colour standards and the
corresponding dyed colours of the blends. These colour
differences provide some indications of the degree of
accuracy of the methods.

The speciral reflectance factor curves of the colour
standards and their corresponding matchings for each
method are given in Figs. 16, 17, 18 and 19 for the
standards A, B, C and D respectively. Table 1 summarises

Table 1. Accuracy of CCM on Polyester-Cotton )
Blend Using Method 1 and the Proposed Method

SdA SdB SWC SwWD AVE

Proposed Method 0.4 as 24 22 22
Method 1 35 55 37 1.7 36

Note: The colour differences presented sre besed on the 1976
Cielab Equation, Std. ILL D65 end 1964 10 degree
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Fig. 14. Cotton skeleton celibration dyeings of 8 resctive dye on
P/C biend

Fig. 15. Spectral reflectance factor curves for colour standards A-D
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the cclour differences of these matchings, for each method
uing the 1976 CIELAB colour difference equation,
standard  illuminant D65 and 10 degree standard
ohsdrver.

The average colour difference between the standards
and the matchings based on the Proposed Method is 2.2
units, while the comesponding figure based on Method 1
is 3.6 units. The poorer result obtained by Method 1 is
expected, as this method suffers from all the drawbacks
mentioned in section 2, whereas the major drawback of
the Proposed Method is the error involved during the fibre
sepanation process. Table 2 compares the two methods
with regard to the possible sources of error.

The improvement in the accuracy of the Proposed
Method over Method 1 is expected to be more significant
in practice. This is because in utilising Method 1 it is
necessary to create calibration dyeings on the pure single
component fibres which should be identical to the indivi-

4 Table 2. Possible sources of errors W
Varistion of
the fibres
ueed for
calibrstions

Varistion Fibre from tha of
indysing Crom ssperstion  the fibre-blend
Method condRions stainings precas COMpOnents
1 Possibie Possible  Possible Possible
Less Less
\Proposed  pomidie possible  Pomible Not possible J

dual component of the fibreblend for best performance.
This point has been taken car- of for this project. However
it would be very difficul’ .. practice, if not impossible,
for the dyer to obtain the pure fibres of the individual
component of the blends that he is told 1o colour. -
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dvances in the actical cations
easu sten
o extile dustries

Dr. T.F. Chong

1. INTRODUCTION

The foundation for quantitative colour specifications is
not available until the early thirties. In 1931, the
International cOnmisii??z)on Illumination (CIE) had
recommended a system for the specification of
colours. Nevertheless, this method was not popularly used
in the commerce and industries mainly because of the
complex procedures involved. However, with the advances
in computer technology, better understanding of the colour
science, and the revolution in equipment design, the
application cf colour ©measurement technology in the
commerce and industries has now been widely accepted.
This paper summarises the major developments in the colour
measuring system since the time of early 70's when the
colour sensor is interfaced to the computer. The impact
of such developments on the practical applications in the
textile industries is discussed while the future prospects
of the role of colour measuring system in the direction of
large scale integration of colour production system is
highlighted.

2. COLOUR MEASURING SYSTEMS

A colour measuring system consists of the colour sensor,
the computer hardware and the computer software. It is
further divided into two major types, the
spectrophotometer type and the tristimulus colorimeter
type. The fundamental data being measured by the former
is reflectance factors or spectral transmittance while the
later measures for CIE tristimulus data directly. These
devices are now interfaced to computers for the purposes
of equiprent control, data processing, data transfer, data
storage and data communication.
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3. DEVELOPMENTS
3.1. Colour Measuring System

The major developments in the structure of colour
measuring system since the 70's fall in a number of areas
including the illuminating system, the sample compartment,
and the detector system.

The conventional system utilises thz2 tungsten lamp or the
continuous 1light emitting xenon arc 1lamp. In some
instruments, the tungsten halogen lamp is now augmented
with an uv lamp in order to boost up its uv power to
provide a better fit to that of the CIE D65 iiluminant for
the evaluation of fluorescent samples. On the other hand,
the relatively less stable Xenon source is now in the form
of a pulsed xenon arc lamp with a more compact size.

Integrating sphere remains the popular sample compartment.
Some equipment manufacturer claim better repeatability by
using diffuse/exact 0 degree geometry instead of the more
conventional diffuse/8 degree geometry. On the other
hand, 0 degree/45 degree circumferential viewing is also
used for textured sample measurement. Traditionally, the
integrating sphere interior wall is coated with barium
sulphate which has good diffusing and relecting power
though it 1is easily contaminated. Recently, it has been
replaced by Halon which has similar diffusing and
reflecting properties yet the maintenance is easier. It
is difficult to measure small samples using the older type
equipment because of the large sample port and area of
view. Now, most equipments prov.des optional small area
view lens for the measurement of very small samples of up
to 1/8 inch diameter. With special optical attachment,
one can reduce the measurement area to 2 x 2 micrometers
for special application.

The traditional photomultiplier detector has been slowly
replaced by the tiny size solid state silicon-diode
photodetector array which is positioned accurately in the
dispersed spectrum so that each detector responds to a
specific small band of wavelengths. This has made
possible the measurement of the entire spectral data
simultaneously for the spectrophotometer and thus
increasing the measurement speed drastically. The quick
measurement speed is also important for the development of
another class of equipment known as non-contact remote
colour measuring system which can monitor the production
colour on-line. With the advances in the technology of
computer and instrument design, the size of the equipment




- 45 -

has been reduced to that of a portable type which would be
useful for field measurements.

These developments of the colour measuring sensors coupled
with the revolution in computer power and versatility as
well as their integration has led to a significant advance
in the performance of the colour measuring systea in terms
?S)speed, accurac¥‘?nd precision as reported by Billmeyer

and Robertson . The gains in the system performance
has great impact in its application area.

3.2. PRACTICAL APPLICATIONS

The breadth and the depth of the practical applications of
the c.lour measuring system has increased considerably
since the 70's. This is primarily the results of
consistant advances among the information technology, the
equipment design as well as the science of colour. In the
70's or earlier, the basic application falls in the area
of computer colour matching. With the progress in science
and technology, the applications spread horizontally into
a number of areas including the colour quality monitoring
and colour communication. At the same time, the
individual application area also develops vertically in
depth.

3.2.1 Computer Colour Matching

Although the fundamental concept of match prediction is
laid down in the early 30°'s. However, the first
commercial computer colour matching device is not
available until 1958. This was the Colorant Mixture
Computer (C?g}C) which was developed by Davidson and
Hemmendinger . It had not gained extensive popularity
largely because of its speed and flexibility as the
computer is an analog version. In the 60's, digital
computer became available and most leading colorant makers
installed their system of CCM to service their customers
as few of them can afford the cost of computer. These
systems include the Instrumenta*syatch Prdiction system of
the Imperial Chemical Industry in 1963(7)?97 Computer
Color Matching system of American Cyanamid in 1963,
the Automatic Recipe Formulation & Optimalization system
in 1964 of Sandoz, Programmed Match Prediction Technique
of Du Pont in 1965(9?nd the computer colour matching
system of Ciba-Geigy . However, these systems usually
have the disadvantages of poor accuracy as the fundamental
colorant calibration data were not made by the user and
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the colorant formulations generated were restricted to one
colorant maker. Furthermore, degree of metamerism was not
indicated for certain systea. In the 1late 60's, time
sharing CCM system were available in which user can
develop their own data bank. These include the systems
developed by the General Electric, IBM, Beckman
Instruments, and the Applied Color System. So far, all
these CCM systems are abridged i.e. data measured on the
colour measuring equipment cannot be transferred to the
computer directly. In the late 70's, CCM and other
practical colour measurement applications has gained wide
popularity because of the availability of relatively low
cost mini-computers which are interfaced directly to the
colour measuring equipments. At this time, many users can
afford to have such an integrated in house CCM system with
improved speed and accuracy.

In the early 80's, CCM has reached a new stage with the
introduction of IBM or IBM compatible personal computers
(PC). The interfacing of the colour measuring sensor with
the PC means a significant decrease in the cost of the CCM
system such that the CCM system is no longer a privilege
of the medium to large dyehouses but can also be afforded
by the smaller dyehouses especially in the developing
countries or for those companies which have already owned
PC. Because of the open architecture of the personal
computer and the affordable price, the system becomes more
versatile as there are thousands of third party softwares
and accessories prepared for all kinds of applications in
virtually any aspects. At the same time, the CCM system
becomes much more compact in size. On the other hand, the
drawbacks with such system are the relatively smaller CPU
memory and storage capacity, slower in speed, as well as
the ©poorer performance in network environment in
comparison with the minicomputer version. This has
rendered the PC type CCM system more or less a personal or
standalone system where as the minicomputer type being the
multi-workstations system with a much stronger perf?{a?nce
in network environment. 1In 1987, the new IBM PS/2 or
PS/Z(ESTpatible personal computer being supported by the
0S/2 operating sytem (released in 1988) has definately
narrowed the gap between the two versions of the computer
systems significantly. Already, a number of equipment
manufacturers bhave already upgraded their PC type CCM
system into the PS/2 version and the gain in computer
performance is evident. It is expected further
innovations in the application of such system are coming
along particularly in the direction of integration with
other related application system.
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While the computer technology advances, innovation in the
CCM software also happens. The most evident is that the
software is written in a much more user friendly manner
usually in a menu driven format with plenty of help
messa2ges and colourful graphic interpretations that is not
available in the early 70°'s. Other innovations are
sumparised in the following.

a) Storage and retrieval of colour standards alongside
with relevant useful information.

b) Input of standards can be achieved by a variety of
methods.

c) Assignment of performance factors for individual dyes
for correction of strength variation.

d) Creation of suitable dyeing groups of compatible
dyestuff, substrate and dyeing process for formulation.

e) Varieties of graphical presentations for the assessment
of the measured calibration dyeings.

f) Automatic queued match predictions of combination of
variable number of dyes per recipe based on the
pre-assigned standards, dye candidates, and tolerances.

g) Manual formulation or correction with support
of graphical presentations.

h) Formulation for the use of surplus dyes or materials.

i) Correction can be achieved by using original dyes and
new dyes or their combinations.

j) Special colour matching program e.g. for blending of
various coloured fibres for matching.

The use of CCM is so popular that such service has reached
the store level in some regions. On the other hand,
though the technique of CCM has been practiced ov?{l?o
years, yet there are still a number of limitations .
The major 1limitation be{gg)the poor accuracy of CCM for
fibre-blends colorat{gg) and for coloration with
fluorescent colorants .

3.2.2. Colour Quality Monitoring

In the early 70's, the features of using colour measuring
sytem for colour quality monitoring is basically limited
to the comparison of standard and samples with respect to
the caluated colour differences or its individual
component differences using a variety of colour difference
formulae. Since the recommendation of the CIE CIELAB
colour difference formula in 1976, the use of this formula
has become a standard for the textile industry. However,
the situation has reversed in the early 80's that a number
of proprietary formulae as well as some published new
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formulae which claimed to have better performance are
being introduced. Innovations in the colour quality
monitoring area is summarised in the following.

a) Colour pass/fail

b)

c)

d)

- multiple samples can be evaluated against the
standard colour with various combination of preset
tolerance of colour difference or combination of its
components with the support of graphical
presentations.

- storage and updating of pass/fail tolerances which
can be adapted to particular situation such as for
specific customer or product.

- automatic generation of pass/fail tolerances based on
proprietary data base.

- direct integration with the formulation correction
module.

- statistical interpretation of pass/fail results.

- pass/fail classification according to recommendation
of professional body e.g. SAE J1545.

Colour sorting of dye lots

The prevailing format of colour sorting is bas??4?n the
Simon method known as the %555" system but
variations in the shape of the individual colour cells
in the 555 system and the colour difference formulae
for sorting have been introduced. Other innovated
features are the possibility of the reduction of the
number of the sorted lots by selecting a new ~standard
or an optinum standard and varying the tolerances
without re-measurement. In addition, cross check under
secondary illuminant is possible for the detection of
metamerism.

Special indices

Special indices have been developed to assist in the
evaluation of the visual qualities of samples such as
the various whiteness indices, yellowness indices, and
metamerism indices.

Dye strength evaluation

Standard procedures for relative dye strength
evaluation h?is)been worked out by some dyestuff
nanutac?ggfrs and the Inter-Society Color
Council . Determination of the residual colour
difference is also (gg?sible after the adjustment of
strength at equality .
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e) Fastness rating
Methods have befgv?eveloped for the evalua?igy of the
change in colour and degree of staining for the
determination of fastness ratings by means of colour
difference measurements. However, the success of these
methods remains to be tested.

f) Colorant solution evaluation

Spectrophotometer equipped with transmission
measurement has been traditionally used to evaluate
colorant solution for quantitative analysis. Further
developments in both the quantitative and qualitative
analysis have taken |place. This inclu?fg) the
monitoring of dye exhaustion characteristics , the
determination of fgby?il}ty and solution stability of
water soluble dyes , the evaluation of rel?ﬁiye
colorant strength based on solution neaigsfnent R
and the evaluation of formaldehyde content . On the
other hand, it has a*ig)been used for the investigation
of dyeing mechanisms .

3.2.3 Colour Communication

Various ways of different accuracy has been devised to
communicate colour. These includes the use of general
colour names, the method of designating colours developed
by the Inter?§gfiety Color Council and the National Bureau
of Standards , the use of colour order systems with a
systematic collections of colour standards(zg?mpling the

colour spa?E) such as the Munsell notations , and the
CIE system . Of these methods, there is no doubt that
the CIE systenm provides the highest accuracy.

Furthermore, one can easily use the CIE colour
specifications for quick distant communication via
international telecommunication system. One drawback of
the CIE colour specification sytem is the abscence of the
real physical colour accompanying the numeric
specifications. Otherwise, it would be useful as a colour
development tool by designers for styling application for
example. Such drawback has been, to some extent, overcome
by the ?5g7}93 ent of computer aided wvisual
colorimeters for colour synthesis and
communication (Computer Aided Colour Communication "ccc")
that complement with the Computer Aided Design system
(CAD) nicely. The CCC provides a tool for
inter-conversion between the displayed colour and the CIE
colour specifications. However, the success of this
method requires further research due Ygg)a variety of
technical and visual observation problems .
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3.2.4. Other developaments

Oon-line monitoring of the colour production quality of the
continuous dyeing range is also another important
development. Such system allows real time assessment of
the colour variation from the standard and statistical
treatment of the measurements provide trending data that
signaled an approach to out of tolerance limits.
Important features of such monitoring device is the fast
measurement speed, non-contact capability, good depth of
focus, and large area of view.

As the computer technology advances, better local and
remote networking for the colour measuring system is
possible. Local networking can support as many as 12
working stations. Networking may also be used to
integrate the CCM system with the other important units of
the entire colour production process.

4. FUTURE PROSPECTS

In general, the development in the colour measuring
equipment is quite discrete and standalone. During the
growth of the colour measuring equipment, other coloration
related equipments have also been developed. These
include the Computer Aided Design system (CAD), the
Computer Aided Colorant Dispensing system (CCD), and the
Computer Aided Process Control system (CPC) which includes
both the automatic coloration and the colour monitoring
devices. To some extent, partial integration of these
devices has already been developed particularly in the
laboratory environment. 1In the next decade, technology
development will be in the direction of total integration
for the purposes of improving accuracy, precision,
efficiency as well as quick response. The colour of the
design obtained from CAD-CCC will be transmitted to the
CCM where the colorant formulations will be predicted and
the selected recipe will pass onto the CCD for dispensing
the required amounts of colorants and chemicals into the
production system where the CPC will monitor and control
the entire production process. On the other hand,
Production Management System (PMS) for the coloration and
finishing industry is available and is another potential
area for integration. Such an integrated system can
communicate with another similar system or just a CAD-CCC
device at another location via computer network or
telecommunication system. Figure 1 shows the concept of a
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large scale integrated colour production system which can
interface to other similar systems.

S. CONCLUSION

In less than half a century, colour measuring equipment
has evolved from a standalone unit to a computer
interfaced system and is moving in the direction of total
integration. At the same time, the application
environment has also evolved from the research laboratory
to the industry 1level and has now reached the retail
level. The target is to let the usefulness of such device
to reach the general public in direct contact. Such
evolution behavior is very similar to the case of
computer. With the advance in science and technology,
progress shall continue to move further along these two
directions in the next decade.
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